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Products from the hngh-temperature (1050°C) pyrolysns of
'dlphenylamme, carbazole, acridine and nicotinamide were identified
by chromatographic (GLC, TLC) and spectral. (UV) techniques.
Diphenylamine yielded predommantly .carbazole, and nicotinamide

generated benzonitrile as the major product. Other minor products-

were: 4-methylpyridine, quinoline, nicotinonitrile, indole derivatives,
aniline and: others. Acridine and carbazole were extremely stable,
even -at this temperature, and ‘underwent only minor changes :

" “There have been many studies dealing with the pres-«

ence and origin of bloloélcally active constituents in

‘cigarette smoke," especmlly of the polynuclear aromatic

hydrocarbons (1,9). In cbntrast there have been few

reports (5,11) of similar sbudles dealing with polycyclic
compounds containing mtrogen even though a number of
these have been reported in cigarette smoke including

several with blologlcal aét1v1ty (2,9,12,15). The pres-
ence of such compounds m cigarette smoke is not unex-
pected inasmuch as tobaoeo leaf containg likely precurs-
ors such as mcotme, proteins, amino acids and pigment.
Studies in which the latter materials were pyrolyzed
have previously been undertaken (8,4a,6,7,11,14).

In the present 1ns,tance, we undertook a study of the
pyrolysis of dlphenylamlne, carbazole, acidine?, and nico-
tinamide, all of which occur to some extent in smoke
(11), and one of which, mcotlnamlde, is present in leaf
(11) as well. Although we were unable to observe the

pyrosynthesis of blolog'lcally active nitrogenous hetero-"

¢yelics, the other oompounds formed proved to be simi-
lar, if not identical, to those present in tobacco smoke
The data presented below should therefore shed some
11ght on thexr mode of formatlon at h1gh temperatures :

EXPERlMENTAL
Materials pyrolyzed Materlals pyrolyzed were ob-

tained from commercial sources and were recrystallized

before use; they were Judged pure on the basis of their

ultraviolet absorptlon and gas chromatographlc charac- .

teristics.

nyrolyses Samples in 1 0to25¢g quantltles (in cer-
amic ‘boats) were pyrolyzed in Mullite? or vycor tubes
(5.10 cm x 1.9 cm o.d.) positioned: horizontally and

ﬁushed continually by a stream of nitrogen (30 ml/- .
'mln) ‘Generally, the tube was packed with quartz chips.

Tube temperature was malntalned at the required. level

by a Lindberg Hevi-Duty Furnace which -enclosed the’
‘tube. ‘Because  of the extreme “thermal stability of at; »
least three of the oompounds (diphenylamine, carbazole, =
acridine), pyrolyzed, pyrolyses were: generally performed"

temperature of a cigarette (11a). P

- “smoke’ was seen-in the trappmg syst

- duct: stream passed into a gas: bubble

- then extracted1w1th ether. The: Jatter

., was carried out initially with a: Beckman G
“ment under the following condltlons (for

at 1050°C, rather than 872-884°C, the. .

are summarized in Table 1.  Resids
from 2.0 to 30.0 seconds, and were estir
ing: the interval between mtroductlon
the first appearance of “smoke’” trav Si
The pyrolys1s was considered comple

collected in a series of traps immerse
dry ice-acetone. After’ exiting from" th

ml 5% aqueous HC1 and 105 ml diethy

Fractionation of pyrolyzates The pyro
washed out of the traps with 5% 1 :
then with ether. The washings were mut 1
and were then combineéd with the corres
tions in the gas bubbler. 5

The ether extract, containing neutra :
dried over anhydrous sodium sulfate an
porated under a stream of nitrogen to 1:
acidic solution was adjusted to a pH 12, 1
sodium hydroxide, in order to hberate S

drled and: concentrated to a volume of

and spec1a1 analysis.
Gas chromatographic a,mlyszs Gas ch'

traland bas1c products): v ok
Columns. 6 ft x 0.125 in o.d. stamless
packed with 3% SE-30-on 60/80 mesh chre
Column: temperature. 110°C for 1. 6. ’m
programmed to 235°C at 8°C/min. -
Inlet temperature. 250°C:
- Detector temperature. 305°C.
Helium: flow rate. 20 ml/mln
Detectlon ﬂame 1omzat10n

. Compour
.. .pyrolyzed
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=af, arder of GLC retention times. I dentifications are tenfutive.
jor. product:

agrammed ‘w 225°C (from 110°C) at 7°C/min. Reten-
o data. :Eor comparative purposes were obtained by
in, ectmgv 1 #l quantities of standard ether solutions
;(1%) of known substances into the above instrument.

i lection of gas chromatographic peak effluents for
tral analysis was achieved with a Varian-Aerograph
'hroma.tograph used under the following conditions

;"a,cked wn;’h 15% SE-52 on éO/so chromosorb W.
;Column temperature Pr@grammed from 70°C at 8°C/

‘nJ‘ector temperature 235°C
Detector: temperature. 250°C
I—Iehum flow rate. 86 ml/min
: etectlon Thermal conductivity (150 ma.).
Fotr“‘peak” collection, 100-200 #] of solution (product
mixture) were injected into the instrument equipped
1 hot wire detectors. As effluents exited from the in-
= rument they were trapped in U-shaped glass tubes
“cooled in dry ice-acetone.
hey were then washed out of the tubes with ap-
-propriate solvents for analysis by ultraviolet absorption
_spectroscopy.
Thin-layer  chromatographic analysts. Thin-layer

.chromatography was used as an auxiliary method for
‘determining the composition of the .pyrolyzates. A
slurry consisting of 70 g silica gel G (Merck) and 140
‘ml water, was applied to glass plates as a layer 0.5 mm
‘thick. Plates were dried for 20 min at 110°C, and then
“stored in a desiccator until needed. Samples were either
streaked or spotted on the plate prior to solvent develop-
‘ment. Solvent systems used included:
5 acetlc acid (95 mls + 5 mls) (10) for indole derivatives,
fand benzene-methanol (95 mls -+ 5 mls) (8) for nitro-
gen bases.
- Detecting solutions for indoles generally were the van
Urk reagent (4-dimethylaminobenzaldehyde in hydro-
hlorlc acid followed by aqua regia), SbCl; in CCl,, and
.inisome cases iodine in chloroform. Reagent solutions
‘were’ applled to the plates as a spray (13).
¢ ltmmolet absorption spectroscopy. Absorption spec-
ere obtained with a Perkin-Elmer Model 202 In-
ent Solvent generally used was absolute methanol.

SﬁAND DISCUSSIDN
' ntzﬁcatwn of products (Table 2) Compounds pre-

chloroform—96% \

eluted from the adsorbent with methanol and tentatively
identified on the basis of its ultraviolet absorption spec-
trum and its retention characteristics on gas chroma-
tographic columns. These procedures were generally fol-
lowed except in those cases where the products were
fairly volatile and subject to loss in fractionation and
concentration steps. Thus, the presence of benzene, py-
ridine, 4-methylpyridine, aniline and quinoline was in-
dicated in pyrolyzates on the basis of the UV absorption
characteristics of individual fractions. A number of
products from the pyrolysis of nicotinamide were addi-
tionally identified on the basis of the UV absorption
spectra of their corresponding gas chromatographic
peak effiuents (benzonitrile, nicotinonitrile, naphthalene,
indole, and 3-methylindole).

Diphenylamine. At 800°C, the major product from
pyrolysis of diphenylamine was carbazole. Formation of
carbazole which involves a simple cyclization of the par-
ent compound has been previously reported (4); on the
other hand, the presence of benzene and aniline in the

_ diphenylamine pyrolyzate would suggest a rupture of the

C-N bond in the starting material. The formation of
other products is also difficult to rationalize; these in-
clude pyridine and 4-methylpyridine, a number of sub-
stituted indoles, acridine and phenanthridine. Similar
products were obtained by pyrolyzing diphenylamine
at 1050°C. However, based on gas chromatographic
peak areas, there were no major products, and a number
of products were absent. We noted less carbazole ‘and
more indoles and acridine in the pyrolyzate. In view of
the temperature effects, one may speculate that the path-
way from diphenylamine to substituted indoles proceeds
through a carbazole intermediate. However, experiments
in which carbazole was pyrolyzed at 1050°C demonstrat-
ed its marked stability (vida infra), although a number
of indoles were found in the resulting pyrolyzate.

Carbazole. Pyrolysis of carbazole at 1050°C resulted
in the formation of a number of new compounds (ben-
zene, indoles, acridine, diphenylamine and others) in
addition to the recovery of a large amount of starting
material. The recovery of the starting material which
constituted the major component of the product mixture
seemed to preclude the role of carbazole as a principal
intermediate in the ‘“‘diphenylamine to substituted in-
dole” pathway. Unsubstituted indole was not observed
among the products from pyrolysis of carbazole.

Acridine. This compound, like carbazole, is extremely
stable, as demonstrated by its pyrolytic behavior. It
constituted the major portion of the pyrolyzate. Other
minor constituents were benzene, pyridine, naphthalene,
2, 3-dimethylindole and carbazole. The presence of these
compounds would suggest formation of intermediate
materials involving homo- and heterolytic mechanisms.

Nicotinamide. Nicotinamide was pyrolyzed to deter-
mine the effect of the amide side chain on the composi-
tion of the product mixture. Heterocyclic acids, for ex-
ample, have been reported to undergo rapid decarboxy-
lation on pyrolysis (4). Nicotinamide underwent py-
rolysis with the evolution of thick black smoke.and the
production of an odor attributable to hydrogen cya-
nide. We expected that in the course of the reaction
the amide side chain would undergo loss of a molecule
of water with the resultant formation of nicotinonitrile.
Although the latter compound was produced, the major

_product was benzonitrile, the formation of which

would necessitate rupture of the pyrldme ring of nico-
tinamide.
Other components of the n1cot1nam1de pyrolyzate in--

cluded benzene pyridine, naphthalene, quinoline, indole
and 3-methylindole.



;Cbm:‘wslous‘

In undertakmg this study, we were trying to learn -

.:somethmg of the’ pyrosynthesm of nitrogeneous com
pounds which could influer r

‘characteristics of tobacco!smoke. Just as polynuclear gy jykuﬂolyms of Nlcotme. J. hgm
aromatic hydrocarbons;, and simple phenols are common

to pyrolyzates of a va,rletﬁr of Ssubstances, so too are

characteristic mtrogen—oontalmng compounds common to

yrolyzates of other materlals Nicotine (11), protems
and amino acids (8) generate pyridines, quinoline, ni-
triles and indoles on pyrolysis, and as this study demon-

strates so do other nitrogenous substances. Of signifi-

-cant interest is- poss1b1e generation of benzcarbazoles
and benzacridines on pyrolys1s however, improved pro-

cedures for the isolation and detection of these com-,,’

pounds are required. for Work along this line.

SUMMARY

- Products from the high- temperature (1050°C) pyroly-
sis of diphenylamine, ¢ arbazole, acridine and' nicotin-
amide were identified by chromatographic ( GLC TLC)

and spectral (UV) techniques. Diphenylamine ylelded"&
‘predominantly carbazole, and nicotinamide generated:

benzonitrile ag the major product Other minor products
‘were : 4-methylpyridine, quinoline, nicotinonitrile, indole

derivatives, aniline and others Acridine and carbazole

were extremely stable, even at this temperature, and
underwent only minor changes
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